
CONTRIBUTION OF THE HISTAMINERGIC RECEPTOR
SUBTYPES TO HISTAMINE-INDUCED CEREBELLAR
GRANULAR NEUROTOXICITY

Akcahan Gepdiremen�, Mehmet E. Buyukokuroglu,
Ahmet Hacimuftuoglu, Halis Suleyman

������� ��	
���	�� ������ �� ���	�	��� ���������� �� ������������ ���� �!" #�$����� �����

Contribution of the histaminergic receptor subtypes to histamine-induced
cerebellar granular neurotoxicity. A. GEPDIREMEN, M.E. BUYUKOKU-
ROGLU, A. HACIMUFTUOGLU, H. SULEYMAN. Pol. J. Pharmacol.,
2003, 55, 383–388.

In the present study, we investigated the effects of histamine and its spe-
cific H

�
, H

�
and H

�
receptor blockers in cerebellar granular cell culture derived

from rat pups. Histamine was applied at 10��, 10��, 10��, 10��, and 10�	 M
for 16 h into the cultures and the highest dose was found to be the most toxic
one. Pheniramine (H

�
receptor blocker), ranitidine (H

�
receptor blocker) and

thioperamide (H
�

receptor blocker) were applied at 10��, 10��, 10��, 10�	 M
into the flasks prior to histamine in the second step of the experiments. Also,
the effect of all of the blockers together at 10�	 M concentrations was tested
on the toxicity induced by 10�	 M histamine. The H

�
receptor blocker, thio-

peramide (10�� M) was demonstrated to be most effective histamine toxicity
blocker. Histamine H

�
blocker, ranitidine, was found to attenuate histamine

neurotoxicity at all doses tested, its most effective dose being the highest
dose. On the other hand, H

�
blocker, pheniramine, was able to reverse the ef-

fect of histamine at 10�� and 10�	 M, but it was found ineffective when given
at 10�� and 10�� M. Combined application of H

�
, H

�
, and H

�
receptor blockers

at 10�	 M concentrations, 45 min before histamine addition into the flasks at
10�	 M, was able to reduce cell death score but it was not as effective as H

�

blocker, thioperamide.
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INTRODUCTION

Histamine is an important mediator in the trans-

mission of peripheral sensory information in such

states as inflammation, allergic hypersensitivity

and itch. The central histamine system is involved

in many central nervous system functions including

arousal, anxiety, activation of the sympathetic nerv-

ous system, the stress-related release of hormones

from the pituitary and of central aminergic neuro-

transmitters, antinociception, water retention and

suppression of eating [3]. Histamine-releasing neu-

rons are reported to be located in the hypothalamus,

from where they project to practically all brain re-

gions, with ventral areas (hypothalamus, basal fore-

brain, amygdala) receiving a particularly strong in-

nervation [18]. Histaminergic H% receptors are lo-

cated mainly postsynaptically and are coupled posi-

tively to phospholipase C. Their high densities are

found especially in the hypothalamus and other lim-

bic regions. H� receptors are also located mainly

postsynaptically and are coupled positively to ade-

nylyl cyclase. Their high densities are found in the

hippocampus, amygdala and basal ganglia. On the

other hand, H& receptors are located exclusively pre-

synaptically and are negatively coupled to adenylyl

cyclase. Their high densities are found in the basal

ganglia [3]. Recent neuroanatomical studies have re-

vealed a direct hypothalamocerebellar histaminergic

pathway. However, the functional significance of the

histaminergic fibers in the cerebellum is not yet

clear [16]. The widespread and diffuse expression of

H� receptors in adult rat brain was suggested to con-

tribute to H� receptor-induced modulation of the ex-

citability of neuron and astrocyte functions in many

brain areas while, in developing rat brain, H� recep-

tors were claimed to regulate fetal development of

the brain [10]. Histamine was reported to potentiate

N-methyl-D-aspartate (NMDA) subtype of gluta-

mate receptor-induced neurotoxicity in one study

[14], while in another study, intracerebroventricular

injection of histamine was reported to counteract

the delayed ischemic damage in the hippocampal

CA1 pyramidal cells. In the latter study, selective

H� receptor antagonists, cimetidine and ranitidine,

were found to aggravate neuronal damage [9].
However, application of histamine was found to

trigger a transient increase in intracellular calcium

levels in Purkinje neurons and these response was

specifically sensitivity to selective H% antagonist;

chlorpheniramine, but not to H� and H& histamine
receptor modulators [11]. Other well known hista-
mine H% receptor blocker, terfenadine, was reported
to prevent NMDA receptor-dependent and -inde-
pendent components of veratridine toxicity in cul-
tured cerebellar neurons of rats [6]. Controversially,
terfenadine was reported to reduce the number of
surviving neurons by 75%, and 10 nM terfenadine
induced neurotoxicity after 5 days of exposure. This
effect could not be prevented by histamine, but spe-
cific NMDA and non-NMDA receptor blockers
[8]. Recently, using the application of affinity-puri-
fied anti-H& antibodies allowed to detect high lev-
els of histamine H& receptors in the hippocampus,
cortex, olfactory tubercle and cerebellum [4].

In the present study, we investigated the effects
of histamine and its specific H%, H� and H& receptor
blockers in cerebellar granular cell culture derived
from rat pups.

MATERIALS and METHODS

Primary cultures of cerebellar granular cells
were prepared from 1 day old Sprague-Dawley rats
as previously described by Xu and Wojcik [19].
Briefly, newborn rats were decapitated and their
cerebella were dissected out. They were suspended
in 5 ml of calcium-free Hank’s Balanced Salt Solu-
tion (HBSS, Sigma Co., St. Louis, USA) contain-
ing 2 ml of trypsin EDTA (0.25% trypsin, 0.02%
EDTA; Biol Ind, Haemek, Israel) at 37°C for 20
min. Trypsin digestion was ended by the addition
of 10 ml of HBSS that contained deoxyribonucle-
ase type 1 (120 units per ml; Sigma Co., St. Louis,
USA). After 3 min of centrifugation at 800 rpm, the
pellet was suspended. The bases of the 25 cm&

polypropylene tissue culture flasks were covered
with poly-D-lysine (Sigma Co., St. Louis, USA).
Twenty four hours before the start of the experi-
ment, 0.1 mg/ml of poly-D-lysine (30000–70000
MW) was dissolved in phosphate buffer solution
and the flask bases were filled with the same solu-
tion. After 5 min incubation at room temperature,
the solution was placed under vacuum and left to
dry in a laminar flow bench overnight. Cell suspen-
sions (0.2 ml) were plated in 2.5 ml of a medium
that contained 10% fetal calf serum (FCS, Biol Ind,
Haemek, Israel) and Basal Eagle’s Serum without
antibiotics. Following a 30 min period, media were
changed to eliminate non-adhered cells. The cul-
ture dishes were kept at 37°C in humidified atmos-
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phere containing 95% air and 5% CO�. After 24–48 h,
10 �M cytosine arabinoside (cytosine 1-�-D-arabi-
nofuranoside; Eczacibasi-Rhone Poulenc A.S., Tur-
key) was added to the culture medium to prevent
the replication of non-neuronal cells. Culture media
were changed twice a week, neurons were used for
testing drug neurotoxicity after 8 days in vitro.
Each experimental group comprised five culture
media (n = 5), and at least 15 microscopic areas
were analyzed for each medium tested.

Histamine (2HCl salt; Sigma Co., St. Louis,
USA) was applied at 10'(, 10'), 10'*, 10'+, and
10' M to the culture media for 16 h to find out the
impact. At all doses tested, histamine was found to
induce cerebellar granular cell death, the highest
dose being the most toxic one. Therefore, we de-
cided to test the effect of H%, H� and H& receptor
blockers on neurotoxicity caused by 10' M hista-
mine. Pheniramine (H% receptor blocker; maleate
salt, Ilsan Iltas A.S., Turkey), ranitidine (H� recep-
tor blocker; HCl salt; Abfar A.S., Turkey) and thio-
peramide (H& receptor blocker; maleate salt; Sigma
Co., St. Louis, USA) were applied at 10'), 10'*,
10'+, 10' M concentrations into the flasks 45 min
prior to histamine. Also, the effect of all three
blockers together at 10' M concentrations was
tested on the toxicity induced by 10' M histamine.
The cultures were further incubated for 16 h after
histamine application, at 37°C in humidified at-
mosphere containing 95% air and 5% CO�. Follow-
ing this period, the cultures were washed once with
5 ml of Basal Eagle’s Medium and then stained
with 0.5–0.8 ml of 0.4% trypan blue, between
5–15 min, neuronal cell death was assessed by
a dye exclusion test with an inverted light micro-
scope by a scientist who was unaware of the con-
tent of the flasks. Histamine, pheniramine, raniti-
dine and thioperamide were dissolved in distilled
water, and were added into the culture flasks in a
volumes of 0.2 ml.

The mean ± SEM counts of the neurons were
determined. The counts were translated into per-
centage of cell death. The data were analyzed sta-
tistically using ANOVA and the Mann-Whitney
U-Wilcoxon Rank Sum test with p < 0.05 consid-
ered as indicative of significance.

RESULTS

Histamine was found to induce neuronal cell
death at all doses tested. The highest dose tested

was found to be the most toxic one (Fig. 1). In con-

trol flasks, cell death score was 2.75 ± 0.73% while

it amounted to 54.32 ± 5.38% in the group treated

with 10' M histamine (p < 0.001). H% receptor

blocker, pheniramine, was able to reverse this ef-

fect at 10'+ and 10' M (p < 0.001 for both doses),

but it was ineffective at 10'( and 10') M (p > 0.05

for both doses) (Fig. 2). Histamine H� receptor

blocker, ranitidine, was found to attenuate hista-

mine neurotoxicity at all doses tested (Fig. 3), the

most effective dose being the highest dose tested.

Cell death score was found to be 24.47 ± 2.29 for

10' M (p < 0.01), 34.62 ± 2.55 for 10'+ M, 24.48 ±

2.92 for 10'* M and 29.07 ± 2.65 for 10') M (p <

0.05 for three of them) of ranitidine. H& receptor

blocker, thioperamide, was found to be the most ef-

fective histamine toxicity blocker (Fig. 4). Espe-

cially, its concentration of 10'+ M was able to re-
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duce cell death score to 10.67 ± 1.62 (p < 0.001).
Interestingly, the highest dose of thioperamide was
not found as effective as its lower doses. Combined
application of H%, H�, and H& receptor blockers at
10' M concentrations 45 min before histamine ad-
dition into the flasks at 10' M, was able to reduce
cell death score to 21.73% (Fig. 5).

DISCUSSION

The present study demontrated that histamine
induced dose-dependent cerebellar neuronal cell
death in culture. This effect was blocked by the ap-
plication of the histaminergic receptor blockers at
the tested doses. H& receptor blocker, thioperamide,
was found to be the most effective compound. On
the other hand, histamine H% receptor blocker, phe-
niramine, failed to block neuronal cell death at 10')

and 10'* M concentrations. Histamine was reported
to induce firing in cerebellar neurons. This effect
was mimicked by the application of selective H� re-
ceptor agonist, dimaprit, and effectively blocked by
ranitidine (H� receptor blocker), but not triprolidine,
a H% receptor antagonist [16]. Also the long-term
(5 days) application of the histamine H% receptor
blocker, terfenadine, was reported to reduce the
number of surviving neurons by 75% [8]. In an-
other study, terfenadine was reported to potentiate
NMDA receptor-mediated calcium influx, oxygen
radical formation and neuronal death [7]. In our
study, H� receptor blocker, ranitidine, seems to be
more effective than the H% receptor antagonist,
pheniramine, and we could not see any toxic effect
of this H% receptor blocker. In one of the reports,
the release of acetylcholine in the striatum was
shown to be modulated by neighboring histaminer-
gic neurons in a complex way. Stimulation of H%

histamine receptors, located on cholinergic neu-
rons, enhanced acetylcholine release. Stimulation
of H� receptors, located on cholinergic or GABA-
ergic neurons by histamine enhanced the release of
acetylcholine, while stimulation of H� receptors lo-
cated on dopaminergic neurons exerted the oppo-
site effect [13]. H% receptors were reported to be lo-
cated postsynaptically, coupled positively to phos-
pholipase C, and the activation of them was shown
to cause large depolarizations via blockade of the
leak potassium conductance, activation of a non-
specific cation channel or activation of a sodium-
calcium exchanger [12]. H� receptors were also re-
ported to be localized postsynaptically, coupled
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positively to adenylyl cyclase, and the activation of
them also led to mainly excitatory effects through
the blockade of calcium-dependent potassium chan-
nels and modulation of the hyperpolarization-acti-
vated cation channels [15]. It was also reported that
histamine modulated NMDA receptor function in
the neostriatum through the H� receptor-mediated
regulation of potassium channels [5]. Therefore,
histaminergic H� receptors are excitatory, and block-
ade of them causes neuroprotection. However the
effects of H% receptors are still not so clear and acti-
vation of them seems to have different effects de-
pending on their localization, neighboring with
cholinergic or GABAergic neurons, etc.

Histaminergic H& receptors are located exclu-
sively presynaptically and are negatively coupled
to adenylyl cyclase, and these receptors were re-
ported to mediate presynaptic inhibition of hista-
mine release and the release of other neurotrans-
mitters, most likely via the inhibition of presynap-
tic calcium influx [1]. Using microdialysis method
combined with HPLC with fluorometric detection,
thioperamide was reported to induce GABA re-
lease. But the same effect could not be obtained
with the application of another H& receptor blocker,
clobenpropit. This effect of thioperamide was ex-
erted on the transporter of GABA from neuronal
cells, but not on H& receptors [20]. In another study,
it was reported that subeffective dose of thiopera-
mide in combination with the subeffective doses of
phenytoin and gabapentin, provided protection
against maximal electroshock and/or pentetrazole
seizures [17]. Our study proves that the H& receptor
blocker, thioperamide, has a strong effect to block
histamine-induced neurotoxicity in cerebellar gra-
nular cell cultures of rats. Accordingly, neuropro-
tective effect of thioperamide might occur via its
GABA transporter stimulating effects. On the other
hand, histamine was reported to inhibit the release
of many other transmitters including glutamate,
and H& receptor stimulation was shown to cause in-
hibition of histamine release and synthesis [2]. In
the present study, the effect of thioperamide could
be blocked partly by adding other histaminergic re-
ceptor blockers, despite both of them were found
more or less neuroprotective in histamine-induced
toxicity.

Our results show that the role of histamine and
its receptors in neurotoxicity in newborn rat cere-
bellum seems still debatable and complex, and their
effects appear to depend on their colocalization

with other neuronal networks and the nature of
neighboring neurons, and need further experimen-
tal studies.
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